Crystallinity of purple membranes comprising the chloride-pumping bacteriorhodopsin variant D85T and its modulation by pH and salinity.
Self-assembly of membrane proteins inside the cell membrane critically depends on specific protein-protein and protein-lipid interactions. Purple membranes (PMs) from Halobacterium salinarum comprise wild-type bacteriorhodopsin (BR) and lipids only and form a 2-D crystalline lattice of P3 symmetry in the cell membrane. It is known that removal of the retinylidene residue as well as the exchange of selected amino acids lead to a loss of crystallinity. In PMs comprising the BR variant D85T, we have observed a tunable tendency to form crystalline domains, which depends on pH-value and chloride ion concentration. BR-D85T resembles the function of the chloride pump halorhodopsin. The protonation state of amino acid residues within the binding pocket and chloride binding in the vicinity of the protonated retinal Schiff base affect the overall shape of BR-D85T molecules in the membrane, thereby changing their interactions and subsequently their tendency to form crystalline areas. The combination of small-angle X-ray scattering, atomic force microscopy, and freeze-fracture electron microscopy enables us to analyze the transitions statistically as well as on the single membrane level. PM-D85T is a model system to study membrane protein association upon substrate binding in a native environment. Furthermore, the ability to reversibly modulate the crystallinity of PMs probably will be useful for the preparation of larger artificial crystalline arrays of BR and its variants.